Introduction
Dogs are the first animal to be domesticated in the world; and since then have performed several useful functions to humans as companion, guide, guard, security, herding and for transport purpose depending on the socio-cultural background of the society (Coppinger and Schneider, 1995; Stafford, 2006) . However, when dogs are not given proper care, they would roam the streets and become the main source of stray dogs. Large populations of stray dogs and un-supervised owned dogs can create public health threats through bites, disease transmission such as rabies and other zoonotic diseases (Robertson and Thompson, 2002; Feldman et al., 2004; WHO, 2004; Keuster et al., 2005; Zinsstag et al., 2009; Tenzin et al., 2011a; Tenzin et al., 2011b) , and also pose threats to native wildlife from predation and disease transmission (Butler et al., 2003; Cleaveland et al., 2007) .
Dog population control program including vaccination require data on the distribution and numbers of owned and stray dogs in the country. Thus, understanding the size and demography of dogs is a necessary first step for planning rabies prevention and control and also to plan drugs and vaccine requirement for veterinary care (Downes et al., 2013; FAO, 2014) . Cross-sectional household surveys has been recommended to study the population demography of owned dogs (Downes et al., 2013) . Through such surveys the proportion of households that own dogs and the mean number of dogs owned by these dog owning households can be determined to estimate the size of the owned dog population. For instance, the proportion of households that own dogs has been studied in numerous countries, including Sri Lanka (rural 57%) (Matter et al., 2000) , Thailand (73.7%) (Kongkaew et al., 2004) , Chile (rural 89%, towns 63% and cities 49%) (Acosta-Jamett et al., 2010) , Zimbabwe (rural 62%) (Butler and Bingham, 2000) and Mexico (urban 54%) (Flores-Ibarra and EstrellaValenzuella, 2004) . These studies have also estimated the mean number of dogs per dog owning household in the range of 1.2 to 3.2. In other studies, the population of owned dogs has then been estimated by multiplying the mean number of dogs per household (obtained from household surveys) by the total number of households (obtained from national statistics) in the USA (AVMA, 2002) , Zimbabwe (Butler and Bingham, 2000) , Mexico (OrtegaPacheco et al., 2007) and Italy (Slater et al., 2008) .
However, no studies have been conducted to understand the demographics of owned and stray dogs in Bhutan. Therefore, the objectives of this study were to: (1) describe the pattern of dog ownership in Bhutanese households; (2) describe the demographics and estimate the size of the owned dog population; (3) estimate and compare the proportion of owned dogs that were free-roaming and conversely the proportion of free-roaming dogs that were owned;
and (4) estimate the size of the stray dog population in Bhutan from the estimated population of owned dogs. The findings from this study is expected to assist in better planning and implementation of effective population control and welfare of dogs in the country.
Materials and Methods

Study area
The Kingdom of Bhutan is situated in the eastern Himalayas, bordering People's Republic of China to the north and India to the south (Figure 1 ). (NSB, 2012) . For the purpose of this study, dogs that were fed, cared-for and claimed by a household as being owned were considered as owned dogs.
Cross-sectional household survey
During January to February 2012, a household survey was conducted in six Dzongkhags (Bumthang, Samtse, Samdrup Jongkhar, Trashigang, Thimphu and Tsirang - Figure 1 ) which covered both rural and urban areas. Households from both rural and urban settlements were selected in proportion to the population size in the relevant area/region. In the rural areas a two stage cluster sampling method was used where two villages were randomly selected from each sub-districts of the six Dzongkhags. From each selected village, five households were selected through systematic random sampling. In towns the households were chosen using a rolling sample method in which the first selected households provided information about the next available household in the area or within the building until the required number of household respondents had been interviewed in the respective study areas. The information about the first household that owned dog was provided by the key informant−local veterinary official. One adult member of each selected household was interviewed using a face to face method to collect the information on the number of dogs owned by that particular household and their demographics.
The questionnaires consisted of two parts: a household and an individual dog characteristics.
The household level questionnaire was designed to collect information about the respondents and the dog owning status of that household. For the dog survey, data were collected on the demographic characteristics of the owned dogs including their age, sex, and neuter and vaccination status. The dog owners were also asked about the source and purpose of keeping a dog as well as management aspect of their dogs. All selected households (n=1,301) were interviewed in the household survey, while only 413 households (175 urban and 238 rural) that owned dogs were included in the dog survey.
Estimation of the dog population
From the household surveys the proportion of dog owning households, the mean number of dogs owned per dog owning household, the mean number of dogs for all households and the mean number of dogs per person were calculated. The size of the owned dog population was estimated by several methods which had been used in other countries (Butler and Bingham, 2000; AVMA, 2002; Slater et al., 2008; Downes et al., 2013) . These involved: 1) multiplying the mean number of owned dogs per household by the number of households in the urban and rural areas, and (2) multiplying the mean number of dogs per person by the number of people in the area. We used the national household and human population data to estimate the figures (Table 1 ) (NSB, 2006) . Using these two methods the size of the owned dog population were compared and biases for the two different methods discussed.
In Bhutan, free-roaming dog population are managed through Catch-Neuter-VaccinateRelease (CNVR) program, wherein the dogs are captured from the street by trained dog catchers and then brought to the clinics for neutering and vaccination. The neutered dogs are given permanent identification marks by ear-notching and then released back to the place of capture. These dogs were categorized as free-roaming or stray dogs. The owned dogs are also brought to the clinic by the owners themselves for neutering and rabies vaccination and were categorized as owned dogs. This program is being implemented in all over the country, both rural and urban areas. In this study, the ratio of stray-to-owned dogs presented to the CNVR clinic from July 2011 to June 2013 was estimated ( Table 1 ). The total number of owned dogs was then multiplied by this ratio to give an estimate of the total stray dog population. CNVR data from Thimphu Dzongkhag was not included in the estimation of the ratio of stray and 
Estimation of the proportion of owned dogs that were free-roaming
A one-day free rabies vaccination campaign was organized on 28 Households closer to the VP were initially visited and then the interview teams radiated outwards until the required number of households to be interviewed was achieved. Dog owners were asked if their dog(s) had been taken to a VP on World Rabies Day and the dogs were also checked for the presence of the identifying collars. This provided an opportunity to estimate the size of the owned dog population and their recapture probability in the area by using Lincoln Petersen's formula (Caughley, 1977) . According to this formula the total population (N) can be estimated as:
where is the number of individuals that were captured and marked (collars attached), is the number of individuals that were captured in the second capture session and is the number of individuals in that were recaptured (dogs with collars). With the same parameters, a variance estimate of N can be calculated as:
And the 95% confidence interval for N can be estimated as:
The recapture probability or the detectability rate was estimated by dividing the dogs that were captured in the second session ( ) by the estimated population ( ).
The population size of owned dogs that were found roaming was estimated by dividing the number of dogs with collars that were found (seen) roaming during the transect walk ( ) by the detectability rate as:
Thus the proportion of owned dogs that were found roaming was calculated by dividing the estimated roaming owned dog population by the total estimated owned dog population .
Estimation of the proportion of free-roaming dogs that were owned
The mark-resight method was also undertaken in Gelephu and Phuentsholing to estimate the size of the free-roaming dog population ( . A two person marking team walked through the demarcated areas following roads and settlements and sprayed vegetable coloured paints on all dogs seen without actually catching them. The transect walk was performed on the next day and the presence or absence of colour (paint) marks on all sighted dogs was recorded.
The Lincoln Petersen's formula was used to estimate the free-roaming dog population in the two towns ( . The proportion of free-roaming dogs that were owned was calculated by dividing the estimated number of roaming owned dogs by the estimated number of total roaming dogs ( .
Statistical Analyses
The questionnaire data were entered into a Microsoft Access database and descriptive analyses were carried out using Microsoft Excel (Microsoft Excel 2010, Redmond, USA) and Statistical software R (R Development Core Team, 2013). ArcGIS 10.2.1 was used for area measurements and for mapping the densities of the dogs.
Descriptive analyses were performed to describe the household and demographic characteristics of the owned dogs, as well as the management practices followed by the owners. The Chi-square test of independence was used to compare the demographic characteristics of the owned dogs between urban and rural areas. Bootstrap and Monte Carlo analyses were performed in Excel using the add-in Pop-tools version 3.2.5
(http://www.poptools.org) (Hood, 2010) to estimate 95% confidence intervals for the proportion of dog owning households, number of dogs owned per household, number of dogs per person or dog: human ratio and the ratio of stray to owned dogs presented to CNVR clinic. The means and 95% CI were used to estimate the dog population in the rural and urban areas with corresponding 95% CI as described previously. The beta distribution was used to estimate the proportion of owned dogs that were free-roaming and the proportion of freeroaming dogs that were owned. 
Results
Household characteristics
Demography patterns of owned dog
The sex ratio (male: female) of the owned dogs was 1.31: 1 and 2.05:1 in the urban and rural areas, respectively. The age of the dogs was highly skewed towards the adult age groups in both urban (79.8%) and rural (86.3%) areas. Majority of the dogs were local non-descript breeds in both urban (60.8%) and rural (78.0%) areas. There were significant differences in the sex, breed and age of dogs between rural and urban areas (p < 0.05). A higher proportion of dogs in rural areas were neutered (71.2%) than in urban areas (45.4%) (p < 0.001).
However, there was no significant difference in the proportion of dogs vaccinated against rabies in the urban (77.6%) and rural (78.0%) areas (p = 0.562) ( Table 2 ).
The most common source of dogs was acquisition from friends or family (44.7%) which were given free of cost in both urban and rural areas. The purpose of keeping a dog differed significantly between households in urban and rural areas (χ² = 74.770, df = 2, p < 0.001). In urban areas most dogs (62.4%) were kept as pets, whilst in rural areas they were mainly kept to guard crops, livestock and home premises (73.0%). More than 50% of the respondents indicated that their dog (s) lived either inside their house or home premises, while 39% of owners reported that their dogs were free-roaming. A significantly higher proportion of dogs in rural areas were found to be free-roaming (49.3%) than dogs in urban areas (24.3%) (χ² = 32.360, df = 3, p < 0.001) ( Table 3 ). The survey also indicated that 53% of the respondents would feed stray dogs, both in urban and rural areas.
Estimation of owned dog population
The total number of owned dogs in Bhutan was estimated to be 65,312 based on the mean number of dogs owned by the surveyed households. More dogs were estimated to be present in rural areas (50, 909; 95% CI 44, 579 ) than in urban areas (14, 403; 95% CI 12, 753) (Table 4) . Using the mean number of dogs owned per person, the population of owned dogs was estimated to be 71, 245 (rural: 55, 456 (95% CI 48, 844) ; urban:
15,789 (95% CI 13,242 -18,336)) ( Table 5 ). More number of owned dogs were estimated in Thimphu, Samtse, Chhukha and Tashigang when compared to other Dzongkhags. The ratio of owned dogs-to-humans in the country was estimated to be 1:10.12.
Estimation of stray dog population
The stray dog population in the country was estimated at 48, 379 (urban: 22, 772 (95% CI 18, 583) ; rural: 25,607 (95% CI 21,433 -30,432)) ( Table 6 ). The ratio of stray dogsto-humans was estimated to be 1:14.9. The overall ratio of dogs (including owned and stray)
to humans was estimated to be 1:6.3.
Density of dogs
The overall dog density in the country was estimated to be 2. (Figure 1 and Table 7 ). However, considering only the proportion of human settlement and arable land, the overall dog density in the country was estimated to be 42 dogs per km 2 (see discussion section).
Estimation of owned and free-roaming dogs in border towns
The number of owned and free-roaming dogs in Gelephu and Phuentsholing towns was estimated using the Lincoln-Petersen index (Table 8) . Using the recapture probability, and based on the population estimate of free-roaming and owned dogs and the number of owned dogs that were roaming in the two towns, the proportion of owned dogs that were found roaming was estimated to be 22.6% (95% CI 18.3-27.3) in Phuentsholing and 39.3% (95% CI 33.4 -45.4) in Gelephu. Of the total estimated free-roaming dog population, 15.6% (95% CI 12.6 -19.4) and 16.7% (95% CI 13.8 -19.9) were estimated to be owned dogs in Phuentsholing and Gelephu, respectively.
Discussion
Understanding the population size and demography of the domestic dog population is useful for planning disease control, as well as for evaluating and monitoring of effectiveness of dog population and rabies control programs. This study provides information on the size and demography of the owned and stray dog population in Bhutan. The proportion of households owning dogs in urban areas of Bhutan (24.4%) was much lower than that reported in other studies in Chile (63%), Mexico (54%) and Kenya (53%) (Kitala et al., 2001 ; Flores-Ibarra Similarly, the proportion of households owning dogs in rural area (40.8%) was also lower than that reported in Chile (89%), Kenya (53 -81%), Sri Lanka (57%) and Zimbabwe (62%) (Butler and Bingham, 2000; Kitala et al., 2001; Acosta-Jamett et al., 2010) . The low number of dog ownership in Bhutan could be due to socio-cultural practices such as strong family culture in Bhutanese society in contrast to other developed countries where people keep pets for the companionship. Higher numbers of dogs in households located in rural areas have been reported in other developing countries such as Chile, Kenya, Mexico and Sri Lanka where dogs are predominantly used for protection/guarding livestock, people or both (Matter et al., 2000; Kitala et al., 2001; Ortega-Pacheco et al., 2007; Acosta-Jamett et al., 2010) .
A significantly higher proportion of dogs in rural areas were neutered than in urban areas.
This could be due to an effective awareness program by livestock extension agents based in the rural areas. The livestock extension agents are responsible for providing veterinary services in the communities as well as dog population and rabies control program.
Nevertheless, high rabies vaccination coverage was achieved in both urban and rural areas as a result of frequent CNVR campaigns conducted over the years. For instance, the CNVR team would make repeated visits to the previous campaign areas to increase the coverage. In some areas, the CNVR campaign was conducted for the fourth time, thus had high vaccination coverage.
This study showed that the main source of dogs were acquisition from friends or family free of cost, which is similar to that found in other countries (Kitala et al., 2001; Flores-Ibarra and Estrella-Valenzuella, 2004; Kongkaew et al., 2004; Ortega-Pacheco et al., 2007; Suzuki et al., 2008; Acosta-Jamett et al., 2010) . It is also encouraging to note that a high proportion of dogs were adopted from the street in both rural (28.1%) and urban (25.6%) areas. Therefore, a planned adoption program for street dogs may further increase this rate of adoption, as well as help to reduce the size of the stray dog population in the country (ICAMC, 2007; OIE, 2010) . Animal welfare organizations, in collaboration with the Department of Livestock, should initiate an adoption program for street dogs which should include the neutering, health check-up, treating for parasites and grooming of the stray dogs to encourage the adoption of these dogs by the general community. The main reason for keeping dog(s) in rural areas were for guarding crops, home premises or livestock comparing to companionship in urban areas, thus the dogs in rural areas are more likely to roam. Similar studies have reported comparable findings in other countries (Butler and Bingham, 2000; Kitala et al., 2001; Flores-Ibarra and Estrella-Valenzuella, 2004; Kongkaew et al., 2004; Suzuki et al., 2008; Acosta-Jamett et al., 2010) .
The number of owned dogs estimated from the mean number of dogs per household and the mean number of dogs per person was 65,513 and 71,245, respectively. In this study the higher estimate of owned dogs using total human population may have been biased by including temporary residents in the human population count, thus estimating the dog population using dogs per household data may be more reliable. The official record of the owned dog population in Bhutan in 2014 was 24,827 (DOL, 2015) which is much lower than that estimated in the current study. The official recorded dog population figure only included owned dogs from the rural areas and do not include the figure from the municipality or the urban areas. Thus the officially recorded dog population is an underestimate and the population estimates of this study may be more realistic. Similarly, the ratio of dog-to-human based on the official data is 1:30 which is much higher than the estimate of 1:10 in the current study. The dog-to-human ratio of 1:10 is almost similar to the Asian countries estimates of 1:9.5 (Knobel et al., 2005) .
The number of stray dogs in Bhutan, estimated by using the ratio of stray to owned dogs, in this study was 48,389. The ratio of stray to owned dogs was estimated from the CNVR data recorded from June 2011 to July 2013. Although this estimate may be biased, as only those owned dogs that were voluntarily brought to the CNVR clinic were counted. However, this bias may have been reduced as CNVR teams were not able to capture all stray dogs from the streets. Therefore, the reliability of the stray dog population estimate using this method is highly dependent on the number of owned dogs estimated in this study (Table 4 ). The stray dog population estimated by this method should be further validated by comparing with other population estimates using different techniques in selected Dzongkhags.
The overall dog density in Bhutan was estimated to be 2.96 dogs per km 2 , with a range from 0.20 in Gasa to 10.12 dogs in Thimphu. However, the population density estimated in this study incorporated all areas of the country, including the forests, snow-capped mountain and water bodies which would have underestimated the density. In contrast, the dog density in the inhabited areas of Bhutan would be expected to be higher. For instance, with approximately 7% of the total areas of Bhutan being arable with human settlement, the overall dog density is estimated to be 42 dogs per km 2 . Therefore, the dog population management and rabies control program should be focussed in high dog density areas.
Population survey in the two border towns showed that a higher proportions of owned dogs were found roaming in Gelephu (39.3%) than in Phuentsholing (22.6%). This is likely because Gelephu is larger and more widespread area with more single storeyed buildings, as opposed to Phuentsholing where most of the people live in rented apartments in multistoreyed buildings and hence their dogs are more likely to be confined within house most of the time. This finding is also consistent with the household survey where 38.6% (urban 24.3%; rural 49.3%) of the respondents reported their dogs were not confined at all (Table 1 ).
This study also shows that 15.6% and 16.7% of the total free-roaming dogs were owned in Phuentsholing and Gelephu, respectively. The high proportion of owned dogs that were roaming in the streets highlights the need for good legislation on responsible dog ownership, as well as strict implementation of the law to avoid the roaming of owned dogs (WHO and WSPA, 1990; ICAMC, 2007; OIE, 2010 Therefore, other reliable marking method such as photographic recapture method may be used to reduce the bias since there is no physical disturbance to the dogs (Punjabi et al., 2012; Belo et al., 2015) .. Nevertheless, this study generated baseline data on the population of owned and stray dogs in Bhutan which will be useful for monitoring and evaluating the effectiveness of dog population and rabies control programs. a, b, c, d ) were obtained from the cross-sectional household surveys of 1,301 respondents (716 urban and 585 rural). The estimate of stray dogs per owned dogs e was acquired from the CNVR records of dogs (stray and owned) presented to CNVR clinic from 01 July 2011 to 30 June 2013. 95% CI were estimated by using bootstrap and Monte Carlo analysis with 10,000 iterations. b n1 = number of marked dogs (collar for the owned and colour paints for the free-roaming dogs) n2 = total number of dogs counted during the household visits for the owned dogs and transect walk for the free-roaming dogs. m = Number of marked dogs resighted during the household visits and during the transect walk for owned and free-roaming dogs. N = Total population size estimated using Lincoln-Petersen index (n1 n2/m) r = recapture probability n2/N. m1 = Number of owned dogs with the mark (collar) that were found roaming during the transect walk. n = Estimated owned dog population that were found roaming (m1/r). p = Proportion of owned dogs that were found roaming a and proportion of roaming dogs that are owned b .
